Abstract: Alterations in DNA repair genes sequences and expressional aberrations result in generation of mutator phenotype and may influence the function of the corresponding protein and sponsor or inhibit carcinogenesis. APEX1 (apurinic/apyrimidinic endonuclease-1) proteins have important functions in the base excision repair (BER) pathway. Polymorphisms in the DNA repair gene APEX1 have been indicated to have a contributive role in oxidative DNA damage and an increased risk of cancer development. 300 head and neck cancer patients and 300 controls were included in this study. PCR-single-strand conformation polymorphism and DNA sequencing were used to analyze the whole exonic region of APEX1 in head and neck cancer patients. Sequence analysis revealed four missense mutations and one frameshift mutation in our study. Frequency of two missense mutation 251A>G and Met269Leu was calculated as 0.26 (26%) and 0.12 (12%) respectively. Whereas, the frequency of missense mutations; 1261G>A and 1266C>A was calculated as 0.25 (25%) and 0.21 (21%) respectively. In addition to these, frequency of frameshift mutation 1289delA was calculated as 0.16(16%) in present study. In our study, incidence of these mutations was found significantly higher in smokers (p<0.005) as compared to nonsmokers. Our finding suggests that the polymorphic APEX1 gene may contribute to risk of developing head and neck cancer.
INTRODUCTION
Apurinic/apyrimidinic endonuclease-1 (APEX1) is important rate limiting enzyme in base excision repair (BER) pathway [1] . It resides on 14q11.2 -14q12 and has five exons [2] . Apurinic/apyrimidinic endonuclease-1 (APEX1) hydrolyzes 5 backbone of DNA molecule generated after the removal of 8-oxoG by 8-oxoguanine DNA glycosylase (OGG1), producing a 3 hydroxyl group and 5 deoxyribose phosphate group [3] . Apurinic/ apyrimidinic (AP) site is cytotoxic and mutagenic, so a decrease in APEX1 activity results in mutagenesis and carcinogenesis [4] . APEX1 has two domain, DNA repairing domain and Redox domain. The carboxy terminus of APEX1 contains the endonuclease activity required for DNA repair and spans residues 61-318, whereas residues 1-127 comprise the redox domain [5] .
The APEX1 has been characterized in numerous functional studies. The E. coli and yeast demonstrated hypersensitivity to hydrogen peroxide and UV light when AP activity was eliminated [6] [7] [8] . Human cells exposed to sub-lethal doses of oxidizing agents showed an increase in both the amount of APEX1 as well as APEX1 activity [9] . The limited epidemiologic data examining the relationship between APEX1 polymorphisms and cancer related traits has suggested *Address correspondence to this author at the Cancer Genetics Lab, Department of Biosciences, COMSATS Institute of Information Technology, Park Road Chakshazad Islamabad, Pakistan; Tel: +92-51-8318471; Fax: +92-51-9247006; E-mail: mkayani@comsats.edu.pk a weak to null effect, although multiple studies of the same outcome are few [10] [11] [12] . In this work, we have studied if the polymorphisms/mutations in the APEX1 gene are able to modify the risk for head and neck cancer. The main focus was to investigate any mutation/ change in APEX1 gene in head and neck cancer in Pakistani population.
MATERIAL AND METHODS
The present population based case control study was conducted with a prior approval from ethical committees of both CIIT and collaborating hospitals. Blood of 300 HNC cases and 300 matching normal healthy individuals as controls were recruited in this study. Clinical characterization of the patients is summarized in Table 1 . The selection procedure for patients included confirmed histologic diagnosis of HNC, no preoperative therapy and availability of complete follow-up data. The inclusion criterion for the controls was absence of prior history of cancer or precancerous lesions. Patients and controls suffering from any other familial disease (diabetes mellitus, blood pressure and cardiovascular impairment) were excluded from study. After obtaining informed consent, all individuals were personally interviewed using the specifically designed questionnaire. Information on age, gender, ethnic group and detailed exposure data on smoking was recorded. This study included three types of tobacco use which are betel quid, moist sniff and cigarettes. As intake of these agents varies from individual to individual, a broad definition of smoking was introduced here.
DNA Extraction and Polymerase Chain Reaction (PCR)
DNA was extracted from white blood cells of study group, using standard phenol-chloroform extraction method and stored at -20 0 C for further processing. Human APEX1 exon sequence was taken from Ensembl. Primers were designed by using primer 3 software, and checked for specific amplification using BLAST. Whole coding region and their exon intron boundaries of approximately 60 bp sequence of APEX1 were investigated to identify any splice site variation. 
Mutational Screening and Sequencing
Single stranded conformational polymorphism (SSCP) was used for the mutational analysis of the PCR products. Samples, displaying an altered electrophoretic mobility were reamplified in another reaction and were analyzed by direct sequencing to confirm and characterize the nature of mutations. Sequencing was carried out by MC lab (USA). Control (normal) samples were also sequenced along with cases to check the quality of sequencing.
Statistical Analysis
For each mutation, deviation of the genotype frequencies in the control subjects from those expected under Hardy-Weinberg equilibrium was calculated. We estimated the cancer risk associated with the alleles, genotypes as odds ratios (ORs) and 95% confidence intervals (CIs) by using unconditional logistic regression with adjustment for age, sex, and smoking status in study group. P-values for trend were calculated by 2 -test.
RESULTS
The observed mean age of patients and controls is 38±16.35 and 35±32.23 years respectively. A significantly higher difference was observed in case of family history in cancer patients (p<0.002) when compared with controls ( Table 1) .
The combination of SSCP and sequence analysis of all five exons of APEX1 gene, revealed four missense mutation and one framshift mutation in 300 HNC patients and 300 controls (Figure 1 ). Among these missense mutation, first missense mutation (251A>G) was observed in 5 UTR region and second missense mutation, Met269Leu was observed in exon 2.
Remaining two missense mutations, 1261G>C and 1266 C>A were observed in 5 UTR region of APEX1 gene respectively. In addition to these one frameshift mutation, 1289delA was observed in 5 UTR region. We observed a significant interaction between smoking and mutations in the selected gene, APEX1 
DISCUSSION
APEX1, a BER pathway protein is considered as second line of defense against oxidative DNA damage and processes the AP sites or single strand breaks (SSB) remaining after the damaged base has been excised by DNA glycosylases [1] , considered the ratelimiting step in BER pathway [2] . In this study, we estimated possible associations between APEX1 (DNA repair gene) aberrations and the risk of developing HNC. On the gene structure and functional level, we identified five variants in APEX1 gene by PCR based SSCP and DNA sequencing analysis. All these mutations are novel and may be population specific. Nevertheless, genetic variations in APEX1 gene have earlier been reported in colorectal carcinoma [13] , in lung carcinoma [14] and HNC [15, 16] .
Among these five mutations, two missense mutations 251A>G and Met266Leu were observed in DNA repairing domain. Literature review showed the presence of several mutations in DNA repairing domain (exon 2) in different cancers [13, 14] . Mahjabeen et al., (2013) has reported two missense mutations (Ser129Arg, Val131Gly) in DNA repair domain in HNC in Pakistani population [17] . Earlier study by Izumi and Mitra, (1998) has reported that mutation in DNA repair domain of APEX1 is expected to result in truncated APEX1 protein and elimination of endonuclease activity required for BER pathway [18] .
In addition to these mutations, two missense mutations (1261G>C and 1266C>A) and one frameshift mutation (1289delA) was observed in 3 UTR region of APEX1 gene. Mutations in this region can influence cancer susceptibility by altering protein and microRNA binding region. Many earlier studies have reported various mutations in 3 UTR of BRCA1gene in breast cancer [19] [20] [21] , in 3 UTR of CD274 gene in gastric cancer [22] which signifies its function in influencing cancer susceptibility.
In present study, the data on gene-environment interactions illustrated that smokers have higher incidence of APEX1 mutations when compared to non smokers. Our findings are consistent with previous studies which have suggested that APEX1 variations are significantly associated with smoking and may play a role in predisposition to smoking associated cancers [11, 14, 23] . So our observations make a fine example for gene environment interaction that play a role to increase susceptibity to HNC in this Pakistani population. Consequently, smoking and carrying of observed APEX1 mutations increase the risk of developing HNC. In conclusion our results suggest that APEX1 is a highly polymorphic gene and genetic variations in this gene are associated with HNC carcinogenesis atleast in Pakistani population. Additional research on these and other DNA repair mutations will be helpful to further explore the interaction between DNA repair mechanism and carcinogenesis. These will be helpful in more illumination of the complex landscape of DNA repair and cancer risk. 
